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ABSTRACT 

A s u b c o n t r a c t o r  C r i t i c a l  Design Review was h e l d  a t  Los 
Angeles ,  on J a n u a r y  3-6 t o  e v a l u a t e  t h e  d e s i g n  o f  A i r e s e a r c h ' s  
p a r t  o f  t h e  Block I1 CM Envi ronmenta l  C o n t r o l  System ( E C S ) .  

The f o l l o w i n g  were t h e  r e s u l t s  o f  t h i s  r ev iew:  

1. Design d e f i n i t i o n  was comple ted  f o r  u s e  as a b a s e l i n e  
f o r  fo rma l  Block I1 E C S  c o n f i g u r a t i o n  c o n t r o l .  

2. The major  c o n f i g u r a t i o n  changes recommended f o r  d e s i g n  
r ev iew i n c l u d e d :  

a .  change from au tomat i c  t o  manual c o n t r o l  o f  t h e  
c a b i n  hea t  exchanger ,  

b .  s i d b s t i t u t i ~ n  of Gep,ini-+T7nn v y  pb T T a n n ? f h n n m  v C I  I I U V I I b L  111 valve f o r  
t h e  moto r -d r iven  g l y c o l  mixing  v a l v e  and a s s o c i -  
ated c o n t r o l  c i r c u i t ,  

c .  p r o v i s i o n  o f  sp r ing - loaded  oxygen check v a l v e s  and 
r e d e s i g n  o f  t h e  oxygen s h u t - o f f  v a l v e  t o  p r o t e c t  
a g a i n s t  dumping r e e n t r y  oxygen a f t e r  SM s e p a r a t i o n .  

3 .  The major  problems are r e l a t e d  t o  ECS i n s t r u m e n t a t i o n  
( i n c l u d i n g  c o n t r o l  c i r c u i t s )  d e s i g n  and t h e  development 
of  s u i t a b l e  w a t e r  t a n k  b l a d d e r s  and g l y c o l  pump 
a c c u m u l a t o r s .  

4. Q u a l i f i c a t i o n  t e s t i n g  o f  Block I1 components i s  f a l l i n g  
beh ind  a n  " a l r e a d y - t i g h t "  s c h e d u l e  by 1 t o  2 months.  

MSC has i n i t i a t e d  an  in-house  r ev iew o f  t h e  Block I1 
ECS i n s t r u m e n t a t i o n  and r e l a t ed  c o n t r o l  c i r c u i t r y  t o  a s s e s s  t h e  
adequacy  of t h e  d e s i g n  f o r  manned f l i g h t .  Available t o  NASA Offices and 
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1.0 I N T R O D U C T I O N  

A s u b c o n t r a c t o r  C r i t i c a l  Design Review ( C D R )  was h e l d  
a t  Los Angeles on J a n u a r y  3 th rough  J a n u a r y  6 t o  r ev iew t h e  de- 
t a i l e d  d e s i g n  and per formance  c h a r a c t e r i s t i c s  o f  t h a t  p o r t i o n  
of  t h e  Block I1 Command Module Envi ronmenta l  C o n t r o l  System 
(ECS) s u b c o n t r a c t e d  t o  t h e  A i r e s e a r c h  C o r p o r a t i o n .  

The r ev iew boa rd  was composed o f  t h e  f o l l o w i n g  mem- 
bers: 

J .  P .  H a r r i n g t o n  - NAA/Apollo C o n f i g u r a t i o n  Manager 
(Chairman) 

R .  E .  S e x t o n  - NAA/ECS P r o j e c t  Manager 

F. H .  Samonski - NASA/ECS P r o j e c t  Manager 

C .  C la rke  - Airesearch/ECS P r o j e c t  Manager 

The r e s u l t  o f  t h e  rev iew was d e s i g n  d e f i n i t i o n  o f  t h e  
A i r e s e a r c h  ECS p roduc t  which w i l l  be used  as  a b a s e l i n e  f o r  sub- 
s e q u e n t  f o r m a l  c o n f i g u r a t i o n  management. 

2.0 D O C U M E N T A T I O N  

Drafts of  t h e  mee t ing  minu tes  and documenta t ion  cover -  
i n g  Block  I and Block I1 ECS c o n f i g u r a t i o n  d i f f e r e n c i e s  were 
o b t a i n e d  as l i s t e d  i n  Appendix A .  

3 . 0  - CONFIGURATION CHANGES 

The major  ECS C o n f i g u r a t i o n  changes approved by  t h e  
b o a r d  for a n a l y s i s  and f e a s i b i l i t y  a s ses smen t  were: 

a .  t h e  s u b s t i t u t i o n  of manual f o r  a u t o m a t i c  c o n t r o l  o f  
t h e  c a b i n  h e a t  exchanger  ( I t e m  3.2), 

b .  s u b s t i t u t i o n  o f  t h e  Gemini-type Vernatherm v a l v e  f o r  
t h e  motor -dr iven  g l y c o l  mixing v a l v e  ( I t e m  2 . 4 2 )  and 
a s s o c i a t e d  c o n t r o l  c i r c u i t ,  d 
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e .  p r o v i s i o n  o f  s p r i n g - l o a d e d  check  v a l v e s  and  oxygen 
s h u t - o f f  v a l v e s  ( I t e m s  4 . 2 5  and 4 . 2 6 )  to p r e c l u d e  
o v e r b o a r d  dumping of r e e n t r y  oxygen a f t e r  SM 
s e p a r a t i o n .  

4 . 0  M A J O R  PROBLEM AREAS 

The most s i g n i f i c a n t  p rob lems  areas ,  f rom t h e  p o i n t  o f  
view o f  t h e  p o s s i b l e  n e c e s s i t y  f o r  r e d e s i g n  and  u n c e r t a i n t y  as  
to f u t u r e  c o u r s e s  o f  a c t i o n ,  appea red  to be t h e  f o l l o w i n g :  

4 . 1  B l a d d e r  Development 

B l a d d e r  f a i l u r e s  have been  e x p e r i e n c e d  i n  t h e  waste 
t a n k  (008), p o r t a b l e  water t a n k ,  (Group 1 Q u a l )  s u p p l e m e n t a l  
water t a n k  (008), and t h e  g l y c o l  r e s e r v o i r  ( 0 0 8  and  Group 1 
Q u a l ) .  
t u b e r a n c e s ,  imprope r  c h a r g i n g  p r o c e d u r e s ,  and f a i l u r e  d u r i n g  
c y c l i c  t e s t i n g .  F a i l u r e  o f  b l a d d e r s  u n d e r  c y c l i c  t e s t i n g  i s  
s t i l l  u n r e s o l v e d .  The f o l l o w i n g  f a c t s  a p p l y :  

F a i l u r e s  have been  t r a c e d  to f a u l t y  a s sembly ,  weld p ro -  

a .  B l a d d e r  m a t e r i a l  i s  p o l y i s o p r e n e .  T e n s i l e  s t r e n g t h  
and e l o n g a t i o n  c h a r a c t e r i s t i c s  a re  d r a s t i c a l l y  re -  
duced above  15O0F. 

b .  T e s t  h i s t o r y  i s  as follows: 

Tank Temp. 
Water 'Temp. (Approx . )  

170°F max. 155OF 

153OF max. 147OF 

135OF 135OF 

80°F 150°F 

1 0 0 ° F  135OF 

F a i l e d  At 

47 c y c l e s  (1 c p h )  

7 0  c y c l e s  (1 c p h )  

1 3 5  c y c l e s  (1 c p h )  

(No f a i l u r e  a t  1 , 2 0 0  
c y c l e s  - 4 c p h )  t e s t -  
i n g  still i n  p r o g r e s s . )  

(No f a i l u r e  a f t e r  50 
c y c l e s  - 1 cph)  t e s t i r , g  
s t i l l  i n  p r o g r e s s . )  

c ,  T e s t  r e q u i r e m e n t s  -. c y c l i c  t e s t i n g :  

No. of c y c l e s  = 600 x N (where N e q u a l  t h e  number o f  
c y c l e s  a n t i c i p a t e d  d u r i n g  t h e  m i s s i o n  
b u t  n o t  l e s s  t h a n  2,500 c y c l e s ) .  
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~ Tempera ture  envi ronments  : 

I Water = 165OF maximum ' Ambient = 135OF maximum. 

The most c r i t i c a l l y  a f f e c t e d  component i s  t h e  P o t a b l e  
Water Tank ( I t e m  5 . 1 0 )  which i s  t h e  p r imary  r e s e r v o i r  f o r  f u e l  
c e l l  w a t e r  d e l i v e r e d  a t  a p p r o x i m a t e l y  1600~. A i r e s e a r c h  i s  
c o n t i n u i n g  a m a t e r i a l  s e a r c h  b u t  has  n o t  y e t  found a s u i t a b l e  
s u b s t i t u t e .  

4 . 2  Bel lows Cevelopment 

The Glycol  Pump Assembly  ( I tem 2 . 4 8 )  c o n t a i n s  an  i n -  
t e g r a l  accumula to r  hav ing  me ta l  b e l l o w s  which compensate f o r  
thermal e x p a n s i o n  and c o n t r a c t i o n  o f  t h e  c o o l a n t ,  and m a i n t a i n  
p o s i t i v e  pump i n l e t  p r e s s u r e  to e n s u r e  p r o p e r  pump o p e r a t i o n .  

The Block I1 be l lows  r e q u i r e  p roof  p r e s s u r e  t e s t i n g  
a t  30 p s i  ( v e r s u s  50  p s i  f o r  Block I )  and have a n o n - l i n e a r  p o s i t i o n  
r e l a t i o n s h i p  to t h e  g l y c o l  q u a n t i t y  i n  t h e  a c c u m u l a t o r .  Aire-. 
s e a r c h  b e l i e v e s  t h a t  t h e y  w i l l  be  unab le  to p r o v i d e  a b e l l o w s  
which w i l l  meet p r o o f  p r e s s u r e  and l i n e a r i t y  c h a r a c t e r i s t i c  
r e q u i r e m e n t s  under  e x i s t i n g  c y c l i c  t e s t  s p e c i f i c a t i o n s .  

4 . 3  I n s t r u m e n t a t i o n  

D i f f i c u l t y  has been e x p e r i e n c e d  i n  m a i n t a i n i n g  s e n s o r s  
i n  c a l i b r a t i o n  and i n  p r o v i d i n g  p r o p e r  a u t o m a t i c  c o n t r o l  ope ra -  
t i o n  o f  ECS component a s s e m b l i e s .  Redesign i s  con templa t ed  by  
A i r e s e a r c h  f o r  a number o f  s e n s o r s  which a r e  s u b j e c t  to c a l i b r a -  
t i o n  changes due to diaphragm s h i f t ,  i n a d e q u a t e  h e r m e t i c  s e a l i n g ,  
i n a d e q u a t e  t h e r m a l  and e l e c t r o m a g n e t i c  r a d i a t i o n  p r o t e c t i o n ,  and 
low i n s u l a t i o n  r e s i s t a n c e .  

D i s c u s s i o n s  w i t h  p e r s o n n e l  from A i r e s e a r c h ,  N A A  and 
NASA deve loped  t h e  concensus t h a t  c e r t a i n  ECS i n s t r u m e n t a -  
t i o n  d e s i g n  i s  behind  t h e  s t a t e - o f - t h e - a r t  ( e . g . ,  u s e  o f  copper  
r a t h e r  t h a n  p l a t i n u m )  as a s e n s i n g  e l emen t ,  exposure  o f  b r i d g e  
ne twork  r e s i s t a n c e s  to wide t e m p e r a t u r e  v a r i a t i o n s ,  f a i l u r e  to 
p r o v i d e  compensa t ion  c i r c u i t r y  to m a i n t a i n  c a l i b r a t i o n ,  e t c . ) .  
I n  a d d i t i o n ,  N A A  I n s t r u m e n t a t i o n  S p e c i f i c a t i o n s ,  which were com- 
p l i e d  w i t h  by A i r e s e a r c h  i n  both  Block I and Block I1 ECS sys t ems ,  
r e q u i r e  grounding  w i r i n g  s h i e l d s  a t  b o t h  ends .  North American 
s t a t e d  t h a t  t h e s e  g round ing  r equ i r emen t s  were poor  p r a c t i c e  and 
might  compromise measurements .  Wi th  t h e  e x c e p t i o n  o f  t h e  Glycol  
E v a p o r a t o r  Temperature  C o n t r o l  C i r c u i t  ( I t e m  2.40), i t  was MSC's 
o p i n i o n  t h a t  t h e  ECS i n s t r u m e n t a t i o n  would be adequa te  for f l i g h t ,  
p r o v i d e d  t h a t  t h e  r e q u i r e d  s e n s o r s  were c a r e f u l l y  s e l e c t e d .  
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I n  view o f  e x i s t i n g  problems and  t h e  c o m p l e x i t y  o f  
t h e  c i r c u i t r y ,  M r .  Samonski, CM ECS P r o j e c t  Manager, h a s  i n i t -  
i a t e d  an  in-house  r ev iew o f  t h e  Block I1 Environmenta l  C o n t r o l  
System i n s t r u m e n t a t i o n .  M r .  S t i g  E k e r o o t ,  C r e w  Systems D i v i s i o n ,  
i s  making t h e  a n a l y s i s  w i t h  h i s  i n i t i a l  e f f o r t s  c o n c e n t r a t e d  on 
e v a l u a t i o n  o f  t h e  Glyco l  Evapora to r  Tempera ture  C o n t r o l  d e s i g n .  

4 . 4  ECS T e s t  Program 

Block I1 Q u a l i f i c a t i o n  t e s t i n g  a t  t h e  Group 1 (component) 
l e v e l  was 8 2 %  comple te  as o f  December 1 9 ,  1 9 6 6 .  T h i s  was 8% 
below A i R e s e a r c h ' s  o b j e c t i v e  for t h e  same d a t e .  E x t r a p o l a t i o n  
a l o n g  t h e  t e s t  comple t ion  s c h e d u l e  s u g g e s t s  t h a t  Group 1 Q u a l i -  
f i c a t i o n  t e s t i n g  w i l l  s l i p  one t o  two months beyond t h e  o b j e c t i v e  
f o r  1 0 0 %  c o m p l e t i o n  b y  March 1, 1 9 6 7 .  
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A P P E N D I X  A 

Block I and Block I1 ECS Documentat ion 

1. The f o l l o w i n g  Block I1 documen ta t ion  was o b t a i n e d :  

(1) P l a n  o f  A c t i o n  - CDR ( K A A  l e t t e r )  - 12/19/66. 

( 2 )  ECS Baselirie C o n f i g u r a t i o n  - 12/16/66. 

( 3 )  ECS Hardware Documentat ion M a t r i x  - 1 /3 /67 .  

( 4 )  ECS Group 1 Q u a l  T e s t  Schedu le  and S t a t u s  as o f  
12/19/66. 

( 5 )  N i n u t e s  o f  CDR Nee t ings  (Dra f t s )  - l/3 - 5 /67 .  

( 6 )  Board Review P'inutes (Draft) - 1 / 4 / 6 7 .  

( 7 )  ECS Component F a i l u r e  H i s t o r y  Review (Draf t )  12/16/66. 

(8) ECS C r i t i c a l i t y  T S i n g l e  Point. F a i l u r e  Components 
( I n f o r m a l  Note from N A A ) .  

2 .  The f o l l o w i n g  Block  I documenta t ion  was a l s o  o b t a i n e d :  

(1) ECS C o n f i g u r a t i o n  Matr ix  ( S y s .  #1 - #11 c o v e r i n g  
Block I t e s t  and  f l i g h t  v e h i c l e s ) .  

( 2 )  ECS C o n f i g u r a t i o n  R e t r o f i t  (SC 012, 0 1 2  s p a r e ,  017, 
and 020. 

( 3 )  SC 012 ECS Des ign  Review - NAA l e t t e r  d a t e d  1 2 / 8 / 6 6 .  

(4) 

(Summarizing d e s i g n  r e v i e w  f i n d i n g s ) .  

SC 012 ECS Des ign  Review - N A A  l e t t e r  d a t e d  12/29/66. 
( L i s t i n g  a c t i o n s  r e q u i r e d  by A i r e s e a r c h ) .  


